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Appendix F


Process Flow Diagrams


Note: Larger format (11” x 17”) versions of these Process Flow Diagrams are available upon request from 
Kelly_Ibsen@nrel.gov 



COMPONENT UNITS 101 102 103 104 105 107
Total Flow kg/hr 98,039 43,017 11,400 1,009 128,676 28
Insoluble Solids % 77.4% 0.0% 0.0% 0.0% 59.0% 0.0%
Soluble Solids % 7.6% 0.1% 0.1% 0.1% 5.8% 0.0%
Temperature C 20 74 74 74 45 20
Pressure atm 1.00 3.00 1.00 1.00 1.00 1.00
Vapor Fraction 0.00 0.00 0.00 0.00 0.00 0.00
Ethanol kg/hr 31 8 1 22
Water kg/hr 14,706 42,546 11,275 970 45,007
Glucose (SS) kg/hr
Xylose (SS) kg/hr 0 0 0 0
Arabinose (SS) kg/hr 0
Other Sugars (SS) kg/hr
Cellobiose (SS) kg/hr
Glucose Oligomers (SS) kg/hr
Xylose Oligomers (SS) kg/hr 0 0 0 0
Other Oligomers (SS) kg/hr
Corn Steep Liquor (SS) kg/hr 58 15 1 41
Others (Soluble Solids) kg/hr 7,417 7,417
Acetic Acid kg/hr 325 86 7 232
Sulfuric Acid kg/hr 0 0 0 0
Furfural kg/hr 48 13 1 34
HMF kg/hr 7 2 0 5
Carbon Dioxide kg/hr
Methane kg/hr
Oxygen kg/hr
Nitrogen kg/hr
Others kg/hr 2 0 28 1 28
Cellulose (IS) kg/hr 31,187 31,187
Xylan (IS) kg/hr 17,570 17,570
Arabinan (IS) kg/hr 2,435 2,435
Other Sugar Polymers (IS) kg/hr 2,919 2,919
Cellulase (IS) kg/hr
Biomass (IS) kg/hr
Zymo (IS) kg/hr
Lignin (IS) kg/hr 15,002 15,002
Gypsum (IS) kg/hr
Ca(OH)2 (IS) kg/hr
Others (Insoluble Solids) kg/hr 6,804 6,804
Enthalpy Flow (millions) Kcal/hr -170.1 -160.0 -42.4 -3.8 -284.0 -0.1
Average Density g/ml 1.4709 0.9442 0.9443 0.9443 1.3433 0.9983

Work Stream No. kW Work Stream No. kW
WC101 55.93 WP102 74.09
WC102 11.18 WP103 2.94
WC103 2.80 WP104 37.05
WC104 11.18 WP105 1.18
WM104 83.90 WS101 5.59
WM105 1118.56 WS102 4.19
WM107 25.00 WS103 0.00
WP101 37.06

I 0203 I . x ls

Eq. No. Equipment Name Req.Spare Equipment Type Mat Const.
C-101 Bale Transport Conveyor 2 BELT CS
C-102 Bale Unwrapping Conveyor 2 BELT CS
C-103 Belt Press Discharge Conveyor 1 BELT CS
C-104 Shredder Feed Conveyor 4 BELT CS
M-101 Truck Scales 2 TRUCK-SCALE CONCRETE
M-102 Truck Unloading Forklift 4 1 LOADER
M-103 Bale Moving Forklift 4 LOADER
M-104 Corn Stover Wash Table 2 A283
M-105 Shredder 4 ALLOY STEEL
M-106 Concrete Feedstock-Storage Slab 1 CONCRETE-SLAB CONCRETE
M-107 Polymer Feed System 1 MISCELLANEOUS CS
P-101 Wash Table Pump 2 1 CENTRIFUGAL CS; RUBBER
P-102 Wash Water Pump 2 1 CENTRIFUGAL CS; SS316
P-103 Clarifier Underflow Pump 1 1 RECIPROCATING CS; RUBBER
P-104 Clarified Water Pump 1 1 CENTRIFUGAL CS; SS316
P-105 Belt Press Sump Pump 1 1 SLURRY CS
S-101 Clarifier Thickener 1 CS
S-102 Belt Press 1 FILTER-PRESS 304SS; FILTER
S-103 Magnetic Separator 1 MAGNET
T-101 Wash Water Tank 1 VERTICAL-VESSEL CS
T-102 Clarifier Thickener Tank 1 CLARIFER CEMENT



Heat Stream No. MM kcal/hr Work Stream No. kW
QH201 -0.19 WC201 37.08
QH201B -22.31 WM202 699.80
QH244 3.64 WP201 1.16

COMPONENT UNITS 105 211 212 214 215 216 217 218 220 233 501 502 520 520A 710
Total Flow kg/hr 128,676 99,344 2,104 101,447 11,507 37,234 278,865 53,152 225,713 1,185 449,353 449,353 53,152 53,152 3,288
Insoluble Solids % 59.0% 0.0% 0.0% 0.0% 0.0% 0.0% 17.2% 0.0% 21.3% 0.0% 5.0% 5.0% 0.0% 0.0% 0.0%
Soluble Solids % 5.8% 0.1% 0.0% 0.1% 0.0% 0.0% 12.6% 0.1% 15.6% 0.0% 3.6% 3.6% 0.1% 0.1% 0.0%
Temperature C 45 74 20 74 164 268 190 101 101 20 95 41 30 100 20
Pressure atm 1.00 3.00 3.40 4.00 4.42 13.00 12.05 1.00 1.00 3.40 4.00 0.90 1.00 1.00 1.00
Vapor Fraction 0.00 0.00 0.00 0.00 1.00 1.00 0.00 1.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Ethanol kg/hr 22 71 71 93 73 20 24,825 24,825 73 73
Water kg/hr 45,007 98,256 98,256 11,507 37,234 189,218 52,244 136,974 374,828 374,828 52,244 52,244
Glucose (SS) kg/hr 2,426 2,426 82 82
Xylose (SS) kg/hr 0 0 0 17,969 0 17,969 909 909 0 0
Arabinose (SS) kg/hr 0 0 2,490 0 2,490 217 217 0 0
Other Sugars (SS) kg/hr 2,919 2,919 254 254
Cellobiose (SS) kg/hr 230 230 360 360
Glucose Oligomers (SS) kg/hr 291 291 1,853 1,853
Xylose Oligomers (SS) kg/hr 0 0 0 500 0 500 646 646 0 0
Other Oligomers (SS) kg/hr 750 750 969 969
Corn Steep Liquor (SS) kg/hr 41 133 133 174 48 126 1,459 1,459 48 48
Others (Soluble Solids) kg/hr 7,417 7,417 7,417 9,581 9,581
Acetic Acid kg/hr 232 751 751 3,426 268 3,158 5,258 5,258 268 268
Sulfuric Acid kg/hr 0 0 2,104 2,104 2,104 0 2,104 1,185 154 154 0 0 3,288
Furfural kg/hr 34 111 111 727 449 278 576 576 449 449
HMF kg/hr 5 17 17 114 70 43 90 90 70 70
Carbon Dioxide kg/hr 440 440
Methane kg/hr
Oxygen kg/hr 0 0
Nitrogen kg/hr 0 0
Others kg/hr 1 4 4 5 0 5 4,276 4,276 0 0
Cellulose (IS) kg/hr 31,187 28,567 28,567 1,365 1,365
Xylan (IS) kg/hr 17,570 439 439 439 439
Arabinan (IS) kg/hr 2,435 61 61 61 61
Other Sugar Polymers (IS) kg/hr 2,919 73 73 73 73
Cellulase (IS) kg/hr 650 650
Biomass (IS) kg/hr 0 0
Zymo (IS) kg/hr 1,088 1,088
Lignin (IS) kg/hr 15,002 14,251 14,251 14,252 14,252
Gypsum (IS) kg/hr 28 28
Ca(OH)2 (IS) kg/hr
Others (Insoluble Solids) kg/hr 6,804 4,620 4,620 4,620 4,620
Enthalpy Flow (millions) Kcal/hr -284.0 -369.5 -4.1 -373.6 -36.2 -115.2 -809.0 -166.8 -642.2 -2.3 -1488.8 -1510.9 -198.6 -195.0 -6.4
Average Density g/ml 1.3433 0.9442 1.8166 0.9489 0.0022 0.0053 0.9973 0.0006 1.1246 1.8166 0.9585 0.9520 0.9903 0.9195 1.8166

Eq. No. Equipment Name Req. Spare Equipment Type Mat Const.
A-201 In-line Sulfuric Acid Mixer 1 SS304
C-201 Hydrolyzate Screw Conveyor 1 SCREW SS316
H-201 Beer Column Feed Economizer 2 1 SHELL-TUBE 304SS
H-244 Waste Vapor Condensor 2 1 SHELL-TUBE 304SS
M-202 Prehydrolysis/Screw Feeder/Reactor 3 VESSEL W/ PADDLESALLOY 825-CLAD; SS316L
P-201 Sulfuric Acid Pump 1 1 CENTRIFUGAL SS304
T-201 Sulfuric Acid Tank 1 VERTICAL-VESSEL PLASTIC
T-203 Blowdown Tank 1 VERTICAL-VESSEL SS316
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Heat Stream No. MM kcal/hr Work Stream No. kW
QH200 2.44 WC202 26.76
QH205 0.13 WP205 159.88

WP211 14.27
WP213 221.34
WP224 83.85
WS205 96.02
WT205 15.42
WT232 30.24

COMPONENT UNITS 219 220 221 230 232 240 250 252 253 255 256 259 260 261 262
Total Flow kg/hr 207,096 225,713 138,563 265,125 428,764 268,762 428,764 130,913 76,182 87,456 130,199 4,687 5,094 4,894 200
Insoluble Solids % 0.2% 21.3% 0.2% 0.0% 11.2% 0.1% 11.2% 0.2% 0.2% 54.9% 0.0% 0.0% 0.0% 0.0% 0.0%
Soluble Solids % 1.7% 15.6% 19.7% 13.1% 9.0% 13.0% 9.0% 1.7% 1.7% 2.7% 5.9% 0.0% 0.0% 0.0% 0.0%
Temperature C 46 101 101 53 51 50 51 46 46 50 55 40 50 38 38
Pressure atm 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 9.51 1.00 1.00 1.00
Vapor Fraction 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 1.00 1.00 1.00 0.00
Ethanol kg/hr 28 20 15 36 47 36 47 18 10 1 21 0 0 0
Water kg/hr 200,466 136,974 106,622 225,312 335,811 226,537 335,811 126,722 73,744 36,755 119,915 404 205 199
Glucose (SS) kg/hr 19 2,426 1,888 2,263 2,432 2,275 2,432 12 7 163 387
Xylose (SS) kg/hr 210 17,969 13,987 16,806 18,087 16,898 18,087 132 77 1,204 2,910
Arabinose (SS) kg/hr 50 2,490 1,938 2,342 2,528 2,355 2,528 32 18 167 417
Other Sugars (SS) kg/hr 59 2,919 2,272 2,745 2,962 2,760 2,962 37 22 196 488
Cellobiose (SS) kg/hr 83 230 179 266 312 267 312 52 31 15 88
Glucose Oligomers (SS) kg/hr 427 291 227 539 716 542 716 270 157 20 315
Xylose Oligomers (SS) kg/hr 149 500 389 558 646 561 646 94 55 34 171
Other Oligomers (SS) kg/hr 223 750 584 837 969 841 969 141 82 50 257
Corn Steep Liquor (SS) kg/hr 145 126 98 208 270 209 270 91 53 8 111 0 0 0
Others (Soluble Solids) kg/hr 2,209 7,417 5,773 8,271 9,581 8,316 9,581 1,397 813 497 2,543
Acetic Acid kg/hr 1,341 3,158 2,458 3,773 4,477 3,794 4,477 848 493 210 1,336 1 1 1
Sulfuric Acid kg/hr 36 2,104 1,637 154 1,985 154 22 13 141 348 0 0
Furfural kg/hr 301 278 217 448 576 450 576 190 111 17 233 2 1 0
HMF kg/hr 47 43 34 70 90 70 90 30 17 3 36 0 0 0
Carbon Dioxide kg/hr 29 18 29 19 29 19 11 19
Methane kg/hr
Oxygen kg/hr 0 0 0 0 0 0 0 0 0 984 984 984 0
Nitrogen kg/hr 0 0 0 0 0 0 0 0 0 3,703 3,702 3,702 0
Others kg/hr 952 5 4 603 954 607 954 602 350 0 603 0 0 0
Cellulose (IS) kg/hr 7 28,567 143 1 28,432 143 28,432 4 3 28,429
Xylan (IS) kg/hr 2 439 2 0 439 2 439 1 1 438
Arabinan (IS) kg/hr 0 61 0 0 61 0 61 0 0 61
Other Sugar Polymers (IS) kg/hr 0 73 0 0 73 0 73 0 0 73
Cellulase (IS) kg/hr 81 81 81 51 30 51
Biomass (IS) kg/hr 0 0 0 0 0 0
Zymo (IS) kg/hr 136 136 136 86 50 86
Lignin (IS) kg/hr 71 14,251 71 0 14,252 71 14,252 45 26 14,225
Gypsum (IS) kg/hr 0 28 28 28 0 0 0
Ca(OH)2 (IS) kg/hr
Others (Insoluble Solids) kg/hr 23 4,620 23 0 4,620 23 4,620 15 8 4,612
Enthalpy Flow (millions) Kcal/hr -755.7 -642.2 -425.6 -874.2 -1389.4 -883.9 -1389.4 -477.7 -278.0 -237.2 -455.8 0.0 -1.3 -0.6 -0.8
Average Density g/ml 0.9793 1.1246 0.9974 1.0158 1.0720 1.0207 1.0720 0.9793 0.9793 1.3246 0.9855 0.0106 0.0010 0.0011 0.9808

Eq. No. Equipment Name Req.Spare Equipment Type Mat Const.
A-205 Hydrolyzate Mix Tank Agitator 1 FIXED-PROP SS
A-232 Reslurrying Tank Agitator 1 FIXED-PROP SS
C-202 Hydrolysate Washed Solids Belt Conveyor1 BELT CS
H-200 Hydrolyzate Cooler 1 SHELL-TUBE 304SS;CS
H-205 Pneumapress Vent Condensor 1 SHELL-TUBE CS
P-205 Pneumapress Feed Pump 2 1 CENTRIFUGAL SS316
P-211 Primary Filtrate Pump 1 1 CENTRIFUGAL SS316
P-213 Wash Filtrate Pump 1 1 CENTRIFUGAL SS316
P-224 Saccharification  2 1 ROTARY-LOBE 304SS
S-205 Pneumapress Filter 3 PNEUMAPRESS SS316
T-205 Hydrolyzate Mixing Tank 1 FLAT-BTM-STORAGESS304
T-211 Primary Filtrate Tank 1 VERTICAL-VESSEL SS316
T-213 Wash Filtrate Tank 1 VERTICAL-VESSEL SS316
T-232 Slurrying Tank 1 FLAT-BTM-STORAGESS304

I0203I.xls

Feed Pump



Heat Stream No. MM kcal/hr Work Stream No. kW
WC225 0.84
WP209 57.59
WP222 57.01
WP223 28.74
WP239 38.64
WS222 30.34
WT209 25.97
WT224 104.41

COMPONENT UNITS 227 228 229 230 233 239 240
Total Flow kg/hr 2,395 271,157 7,217 265,125 1,185 272,342 268,762
Insoluble Solids % 100.0% 1.7% 80.0% 0.0% 0.0% 2.1% 0.1%
Soluble Solids % 0.0% 12.9% 2.6% 13.1% 0.0% 12.9% 13.0%
Temperature C 50 53 53 20 53 50
Pressure atm 1.00 1.00 1.00 1.00 3.40 1.00 1.00
Vapor Fraction 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Ethanol kg/hr 36 0 36 36 36
Water kg/hr 226,537 1,225 225,312 226,537 226,537
Glucose (SS) kg/hr 2,275 12 2,263 2,275 2,275
Xylose (SS) kg/hr 16,898 91 16,806 16,898 16,898
Arabinose (SS) kg/hr 2,355 13 2,342 2,355 2,355
Other Sugars (SS) kg/hr 2,760 15 2,745 2,760 2,760
Cellobiose (SS) kg/hr 267 1 266 267 267
Glucose Oligomers (SS) kg/hr 542 3 539 542 542
Xylose Oligomers (SS) kg/hr 561 3 558 561 561
Other Oligomers (SS) kg/hr 841 5 837 841 841
Corn Steep Liquor (SS) kg/hr 209 1 208 209 209
Others (Soluble Solids) kg/hr 8,316 45 8,271 8,316 8,316
Acetic Acid kg/hr 3,794 21 3,773 3,794 3,794
Sulfuric Acid kg/hr 1,185 1,985
Furfural kg/hr 450 2 448 450 450
HMF kg/hr 70 0 70 70 70
Carbon Dioxide kg/hr 19 0 18 19 19
Methane kg/hr
Oxygen kg/hr 0 0 0 0 0
Nitrogen kg/hr 0 0 0 0 0
Others kg/hr 607 3 603 607 607
Cellulose (IS) kg/hr 143 142 1 143 143
Xylan (IS) kg/hr 2 2 0 2 2
Arabinan (IS) kg/hr 0 0 0 0 0
Other Sugar Polymers (IS) kg/hr 0 0 0 0 0
Cellulase (IS) kg/hr
Biomass (IS) kg/hr
Zymo (IS) kg/hr
Lignin (IS) kg/hr 71 71 0 71 71
Gypsum (IS) kg/hr 3,485 5,537 28 5,565
Ca(OH)2 (IS) kg/hr 2,395 895
Others (Insoluble Solids) kg/hr 23 23 0 23 23
Enthalpy Flow (millions) Kcal/hr -7.6 -892.6 -20.7 -874.2 -2.3 -894.9 -883.9
Average Density g/ml 2.3430 1.0397 2.0146 1.0158 1.8166 1.0422 1.0207

Eq. No. Equipment Name Req. Spare Equipment Type Mat Const.
A-209 Overliming Tank Agitator 1 FIXED-PROP SS
A-224 Reacidification Tank Agitator 1 FIXED-PROP SS
C-225 Lime Solids Feeder 1 ROTARY-VALVE A285C
P-209 Overlimed Hydrolyzate Pump 1 1 CENTRIFUGAL 304SS
P-222 Filtered Hydrolyzate Pump 1 1 CENTRIFUGAL 304SS
P-223 Lime Unloading Blower 1 CENTRIFUGAL C.S.
P-239 Reacidified Liquor Pump 1 1 CENTRIFUGAL SS304
S-222 Hydroclone & Rotary Drum Filter 1 ROTARY-DRUM EPOXY LINED
S-227 LimeDust Vent Baghouse 1 FABRIC-FILTER A285C;POLYESTER
T-209 Overliming Tank 1 VERTICAL-VESSEL SS304
T-220 Lime Storage Bin 1 LIVE-BTM-BIN CS
T-224 Reacidification Tank 1 FLAT-BTM-STORAGESS304
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Heat Stream No. MM kcal/hr Work Stream No. kW
QF301 0.21 WP301 16.95

WP302 16.95
WT301 23.40
WT304 11.70
WT305 39.00

COMPONENT UNITS 303 304 304C 310 310A
Total Flow kg/hr 43,559 41,391 2,415 28 219
Insoluble Solids % 5.0% 5.7% 0.0% 0.0% 0.0%
Soluble Solids % 15.7% 4.6% 0.0% 0.0% 100.0%
Temperature C 41 41 41 20 20
Pressure atm 1.00 1.00 1.00 1.00 1.00
Vapor Fraction 0.00 0.00 1.00 0.00 0.00
Ethanol kg/hr 5 2,335 70
Water kg/hr 33,919 33,881 76
Glucose (SS) kg/hr 3,119 103
Xylose (SS) kg/hr 1,809 156
Arabinose (SS) kg/hr 253 32
Other Sugars (SS) kg/hr 296 37
Cellobiose (SS) kg/hr 36 36
Glucose Oligomers (SS) kg/hr 185 185
Xylose Oligomers (SS) kg/hr 65 65
Other Oligomers (SS) kg/hr 97 97
Corn Steep Liquor (SS) kg/hr 27 224 0 219
Others (Soluble Solids) kg/hr 958 958
Acetic Acid kg/hr 448 527 1
Sulfuric Acid kg/hr 15 15 0
Furfural kg/hr 58 57 1
HMF kg/hr 9 9 0
Carbon Dioxide kg/hr 3 40 2,235
Methane kg/hr
Oxygen kg/hr 0 0 32
Nitrogen kg/hr 0 0 0
Others kg/hr 95 292 0 28
Cellulose (IS) kg/hr 136 136
Xylan (IS) kg/hr 44 44
Arabinan (IS) kg/hr 6 6
Other Sugar Polymers (IS) kg/hr 7 7
Cellulase (IS) kg/hr 65 65
Biomass (IS) kg/hr 0 0
Zymo (IS) kg/hr 14 193
Lignin (IS) kg/hr 1,425 1,425
Gypsum (IS) kg/hr 3 3
Ca(OH)2 (IS) kg/hr
Others (Insoluble Solids) kg/hr 462 462
Enthalpy Flow (millions) Kcal/hr -141.7 -137.7 -5.1 -0.1 -0.8
Average Density g/ml 1.0754 1.0176 0.0016 1.0096 0.9983

Eq. No. Equipment Name Req.Spare Equipment Type Mat Const.
A-301 Seed Hold Tank Agitator 1 FIXED-PROP SS304
A-304 4th Seed Vessel Agitator 2 FIXED-PROP SS
A-305 5th Seed Vessel Agitator 2 FIXED-PROP SS
F-301 1st Seed Fermentor 2 VERTICAL-VESSEL SS304
F-302 2nd Seed Fermentor 2 VERTICAL-VESSEL SS304
F-303 3rd Seed Fermentor 2 VERTICAL-VESSEL SS304
F-304 4th Seed Fermentor 2 FLAT-BTM-STORAGESS304
F-305 5th Seed Fermentor 2 FLAT-BTM-STORAGESS304
H-304 4th Seed Fermentor Coil 1 IMMERSED-COIL SS
H-305 5th Seed Fermentor Coil 1 IMMERSED-COIL SS
P-301 Seed Hold Transfer Pump 1 1 ROTARY-LOBE SS304
P-302 Seed Transfer Pump 2 ROTARY-LOBE SS304
T-301 Seed Hold Tank 1 FLAT-BTM-STORAGESS304
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Heat Stream No. MM kcal/hr Work Stream No. kW
QF300A 0.09 WP300 345.20
QF300 2.40 WP306 119.04
QH301 -4.89 WP310 122.90
QH302 8.49 WT300 438.73
  WT306 113.64

WT310 445.89

COMPONENT UNITS 232 301A 301B 302 303 304 306 308 311 311A 312 502 551 590 591
Total Flow kg/hr 428,764 428,764 435,588 392,029 43,559 41,391 412,222 22,420 136 1,087 6,824 449,353 37,130 9,490 9,490
Insoluble Solids % 11.2% 11.2% 5.0% 5.0% 5.0% 5.7% 5.5% 0.0% 0.0% 0.0% 8.3% 5.0% 0.0% 0.0% 0.0%
Soluble Solids % 9.0% 9.0% 15.7% 15.7% 15.7% 4.6% 4.0% 0.0% 0.0% 100.0% 0.0% 3.6% 0.0% 0.0% 0.0%
Temperature C 51 65 65 41 41 41 41 41 20 20 20 41 39 164 148
Pressure atm 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 0.90 0.90 4.42 4.42
Vapor Fraction 0.00 0.00 0.00 0.00 0.00 0.00 0.00 1.00 0.00 0.00 0.00 0.00 0.00 1.00 0.00
Ethanol kg/hr 47 47 47 43 5 2,335 24,032 668 24,825 793
Water kg/hr 335,811 335,811 339,188 305,269 33,919 33,881 338,544 710 6,255 374,828 36,284 9,490 9,490
Glucose (SS) kg/hr 2,432 2,432 31,193 28,074 3,119 103 82 82
Xylose (SS) kg/hr 18,087 18,087 18,087 16,279 1,809 156 909 909
Arabinose (SS) kg/hr 2,528 2,528 2,528 2,275 253 32 217 217
Other Sugars (SS) kg/hr 2,962 2,962 2,962 2,666 296 37 254 254
Cellobiose (SS) kg/hr 312 312 360 324 36 36 360 360
Glucose Oligomers (SS) kg/hr 716 716 1,853 1,668 185 185 1,853 1,853
Xylose Oligomers (SS) kg/hr 646 646 646 581 65 65 646 646
Other Oligomers (SS) kg/hr 969 969 969 872 97 97 969 969
Corn Steep Liquor (SS) kg/hr 270 270 270 243 27 224 1,456 3 1,087 1,459 4
Others (Soluble Solids) kg/hr 9,581 9,581 9,581 8,623 958 958 9,581 9,581
Acetic Acid kg/hr 4,477 4,477 4,477 4,029 448 527 5,251 6 5,258 7
Sulfuric Acid kg/hr 154 154 154 139 15 15 154 0 154 0
Furfural kg/hr 576 576 576 518 58 57 568 7 576 8
HMF kg/hr 90 90 90 81 9 9 89 1 90 1
Carbon Dioxide kg/hr 29 29 29 26 3 40 406 20,799 440 34
Methane kg/hr
Oxygen kg/hr 0 0 0 0 0 0 0 226 0 0
Nitrogen kg/hr 0 0 0 0 0 0 0 0 0 0
Others kg/hr 954 954 954 859 95 292 4,276 0 136 4,276 0
Cellulose (IS) kg/hr 28,432 28,432 1,365 1,228 136 136 1,365 1,365
Xylan (IS) kg/hr 439 439 439 395 44 44 439 439
Arabinan (IS) kg/hr 61 61 61 55 6 6 61 61
Other Sugar Polymers (IS) kg/hr 73 73 73 66 7 7 73 73
Cellulase (IS) kg/hr 81 81 650 585 65 65 650 568 650
Biomass (IS) kg/hr 0 0 0 0 0 0 0 0
Zymo (IS) kg/hr 136 136 136 122 14 193 1,088 1,088
Lignin (IS) kg/hr 14,252 14,252 14,252 12,827 1,425 1,425 14,252 14,252
Gypsum (IS) kg/hr 28 28 28 25 3 3 28 28
Ca(OH)2 (IS) kg/hr
Others (Insoluble Solids) kg/hr 4,620 4,620 4,620 4,158 462 462 4,620 4,620
Enthalpy Flow (millions) Kcal/hr -1389.4 -1384.5 -1408.7 -1275.5 -141.7 -137.7 -1372.7 -47.5 -0.4 -4.1 -24.2 -1510.9 -138.2 -29.8 -34.7
Average Density g/ml 1.072 1.059 1.052 1.075 1.075 1.018 1.015 0.002 1.010 0.998 1.040 0.952 0.975 0.002 0.865

Eq. No. Equipment Name Req.Spare Equipment Type Mat Const.
A-300 Ethanol Fermentor Agitator 10 FIXED-PROP SS304
A-306 Beer Surge Tank Agitator 2 FIXED-PROP SS304
A-310 Saccharification Tank Agitator 10 FIXED-PROP SS304
F-300 Ethanol Fermentor 5 FLAT-BTM-STORAGESS304
H-300 Fermentation Cooler 5 1 PLATE-FRAME SS304
H-301 Hydrolyzate Heater 1 1 PLATE-FRAME SS
H-302 Saccharified Slurry Cooler 3 PLATE-FRAME SS304
H-310 Fermentation Cooler 5 1 PLATE-FRAME SS304
P-300 Fermentation Recirc/Transfer Pump 5 1 CENTRIFUGAL SS304
P-306 Beer Transfer Pump 1 1 CENTRIFUGAL SS304
P-310 Saccharification Recirc/Transfer Pump 5 1 CENTRIFUGAL SS304
T-306 Beer Storage Tank 1 FLAT-BTM-STORAGESS304
T-310 Saccharification Tank 5 FLAT-BTM-STORAGESS304

I0203I.xls
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Eq. No. Equipment Name Req. Spare Equipment Type Mat Const.
D-501 Beer Column 1 DISTILLATION SS304
H-501 Beer Column Reboiler 1 1 SHELL-TUBE SS304;CS
H-504 Beer Column Condenser 1 SHELL-TUBE SS304;CS
H-512 Beer Column Feed Interchanger 1 1 PLATE-FRAME SS
P-501 Beer Column Bottoms Pump 1 1 CENTRIFUGAL SS
P-503 Beer Column Reflux Pump 1 1 CENTRIFUGAL SS
T-503 Beer Column Relfux Drum 1 HORIZONTAL-VESSELSS304

COMPONENT UNITS 501 506 508 510 518 518A 594 595
Total Flow kg/hr 449,353 449,353 491 62,329 386,533 386,533 65,505 65,505
Insoluble Solids % 5.0% 5.0% 0.0% 0.0% 5.8% 5.8% 0.0% 0.0%
Soluble Solids % 3.6% 3.6% 0.0% 0.2% 4.2% 4.2% 0.0% 0.0%
Temperature C 95 100 60 113 123 117 164 148
Pressure atm 4.00 4.76 1.86 1.91 2.10 2.10 4.42 4.42
Vapor Fraction 0.00 0.00 1.00 1.00 0.00 0.00 1.00 0.00
Ethanol kg/hr 24,825 24,825 60 24,583 182 182
Water kg/hr 374,828 374,828 20 36,990 337,819 337,819 65,505 65,505
Glucose (SS) kg/hr 82 82 0 0 82 82
Xylose (SS) kg/hr 909 909 0 0 909 909
Arabinose (SS) kg/hr 217 217 0 0 217 217
Other Sugars (SS) kg/hr 254 254 0 0 254 254
Cellobiose (SS) kg/hr 360 360 0 0 360 360
Glucose Oligomers (SS) kg/hr 1,853 1,853 0 0 1,853 1,853
Xylose Oligomers (SS) kg/hr 646 646 0 0 646 646
Other Oligomers (SS) kg/hr 969 969 0 0 969 969
Corn Steep Liquor (SS) kg/hr 1,459 1,459 0 145 1,314 1,314
Others (Soluble Solids) kg/hr 9,581 9,581 0 0 9,581 9,581
Acetic Acid kg/hr 5,258 5,258 0 259 4,998 4,998
Sulfuric Acid kg/hr 154 154 0 0 154 154
Furfural kg/hr 576 576 0 278 298 298
HMF kg/hr 90 90 0 43 46 46
Carbon Dioxide kg/hr 440 440 411 29
Methane kg/hr
Oxygen kg/hr 0 0 0 0 0 0
Nitrogen kg/hr 0 0 0 0
Others kg/hr 4,276 4,276 0 1 4,275 4,275
Cellulose (IS) kg/hr 1,365 1,365 1,365 1,365
Xylan (IS) kg/hr 439 439 439 439
Arabinan (IS) kg/hr 61 61 61 61
Other Sugar Polymers (IS) kg/hr 73 73 73 73
Cellulase (IS) kg/hr 650 650 650 650
Biomass (IS) kg/hr 0 0 0 0
Zymo (IS) kg/hr 1,088 1,088 1,088 1,088
Lignin (IS) kg/hr 14,252 14,252 14,252 14,252
Gypsum (IS) kg/hr 28 28 28 28
Ca(OH)2 (IS) kg/hr
Others (Insoluble Solids) kg/hr 4,620 4,620 4,620 4,620
Enthalpy Flow (millions) Kcal/hr -1488.8 -1486.6 -1.0 -147.3 -1304.9 -1307.1 -205.9 -239.7
Average Density g/ml 0.9585 0.9534 0.0029 0.0014 0.9513 0.9570 0.0022 0.8653

Heat Stream No. MM kcal/hr Work Stream No. kW
QCD501 0.37 WP501 312.41
QH512 -2.18 WP503 0.51
QRD501 -33.76   
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Heat Stream No. MM kcal/hr Work Stream No. kW
QRD502 -4.21 WP504 9.31

WP505 12.77
  WP515 6.10

COMPONENT UNITS 304C 308 508 510 511 516 521 523 524 550 551 592 593
Total Flow kg/hr 2,415 22,420 491 62,329 33,232 37,643 8,546 25,325 35,912 24,107 37,130 8,164 8,164
Insoluble Solids % 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0%
Soluble Solids % 0.0% 0.0% 0.0% 0.2% 0.0% 0.4% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0%
Temperature C 41 41 60 113 92 121 70 41 26 29 39 164 148
Pressure atm 1.00 1.00 1.86 1.91 1.70 4.29 1.53 1.00 1.00 0.90 0.90 4.42 4.42
Vapor Fraction 1.00 1.00 1.00 1.00 1.00 0.00 0.00 1.00 0.00 1.00 0.00 1.00 0.00
Ethanol kg/hr 70 668 60 24,583 30,740 19 6,176 797 4 793
Water kg/hr 76 710 20 36,990 2,492 36,868 2,370 806 35,912 434 36,284 8,164 8,164
Glucose (SS) kg/hr 0 0 0
Xylose (SS) kg/hr 0 0 0 0
Arabinose (SS) kg/hr 0 0 0 0
Other Sugars (SS) kg/hr 0 0 0
Cellobiose (SS) kg/hr 0 0 0
Glucose Oligomers (SS) kg/hr 0 0 0
Xylose Oligomers (SS) kg/hr 0 0 0 0
Other Oligomers (SS) kg/hr 0 0 0
Corn Steep Liquor (SS) kg/hr 0 3 0 145 145 4 0 4
Others (Soluble Solids) kg/hr 0 0 0
Acetic Acid kg/hr 1 6 0 259 259 7 0 7
Sulfuric Acid kg/hr 0 0 0 0 0 0 0 0
Furfural kg/hr 1 7 0 278 278 8 0 8
HMF kg/hr 0 1 0 43 43 1 0 1
Carbon Dioxide kg/hr 2,235 20,799 411 29 29 23,444 23,410 34
Methane kg/hr
Oxygen kg/hr 32 226 0 0 0 258 258 0
Nitrogen kg/hr 0 0 0 0 0 0 0 0
Others kg/hr 0 0 0 1 1 0 0 0
Cellulose (IS) kg/hr
Xylan (IS) kg/hr
Arabinan (IS) kg/hr
Other Sugar Polymers (IS) kg/hr
Cellulase (IS) kg/hr
Biomass (IS) kg/hr
Zymo (IS) kg/hr
Lignin (IS) kg/hr
Gypsum (IS) kg/hr
Ca(OH)2 (IS) kg/hr
Others (Insoluble Solids) kg/hr
Enthalpy Flow (millions) Kcal/hr -5.1 -47.5 -1.0 -147.3 -44.6 -137.3 -17.5 -53.6 -136.0 -51.4 -138.2 -25.7 -29.9
Average Density g/ml 0.0016 0.0016 0.0029 0.0014 0.0023 0.8964 0.7943 0.0016 0.9925 0.0016 0.9750 0.0022 0.8653

Eq. No. Equipment Name Req.Spare Equipment Type Mat Const.
D-502 Rectification Column 1 DISTILLATION SS
H-502 Rectification Column Reboiler 1 SHELL-TUBE SS304;CS
H-505 Start-up Rect. Column Condenser 1 SHELL-TUBE SS304;CS
P-504 Rectification Column Bottoms Pump 1 1 CENTRIFUGAL SS
P-505 Rectification Column Reflux Pump 1 1 CENTRIFUGAL SS
P-515 Scrubber Bottoms Pump 1 CENTRIFUGAL SS
T-505 Rectification Column Reflux Drum 1 HORIZONTAL-VESSELSS304
T-512 Vent Scrubber 1 ABSORBER SS304;PLASTIC
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Eq. No. Equipment Name Req.Spare Equipment Type Mat Const.
M-503 Molecular Sieve (9 pieces) 1 PACKAGE SS

COMPONENT UNITS 511 511C 515 515A 517 519 521 522 596 597
Total Flow kg/hr 33,232 33,232 24,686 8,546 8,546 24,686 8,546 8,546 621 621
Insoluble Solids % 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0%
Soluble Solids % 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0%
Temperature C 92 116 38 116 35 92 70 70 164 148
Pressure atm 1.70 1.70 1.00 1.70 0.14 1.44 1.53 1.53 4.42 4.42
Vapor Fraction 1.00 1.00 0.00 1.00 0.00 1.00 0.00 0.00 1.00 0.00
Ethanol kg/hr 30,740 30,740 24,564 6,176 6,176 24,564 6,176 6,176
Water kg/hr 2,492 2,492 122 2,370 2,370 122 2,370 2,370 621 621
Glucose (SS) kg/hr
Xylose (SS) kg/hr
Arabinose (SS) kg/hr
Other Sugars (SS) kg/hr
Cellobiose (SS) kg/hr
Glucose Oligomers (SS) kg/hr
Xylose Oligomers (SS) kg/hr
Other Oligomers (SS) kg/hr
Corn Steep Liquor (SS) kg/hr
Others (Soluble Solids) kg/hr
Acetic Acid kg/hr
Sulfuric Acid kg/hr
Furfural kg/hr
HMF kg/hr
Carbon Dioxide kg/hr
Methane kg/hr
Oxygen kg/hr
Nitrogen kg/hr
Others kg/hr
Cellulose (IS) kg/hr
Xylan (IS) kg/hr
Arabinan (IS) kg/hr
Other Sugar Polymers (IS) kg/hr
Cellulase (IS) kg/hr
Biomass (IS) kg/hr
Zymo (IS) kg/hr
Lignin (IS) kg/hr
Gypsum (IS) kg/hr
Ca(OH)2 (IS) kg/hr
Others (Insoluble Solids) kg/hr
Enthalpy Flow (millions) Kcal/hr -44.6 -44.3 -35.6 -14.8 -17.8 -29.7 -17.5 -17.5 -2.0 -2.3
Average Density g/ml 0.0023 0.0022 0.7753 0.0017 0.8308 0.0022 0.7943 0.7943 0.0022 0.8653

Heat Stream No. MM kcal/hr Work Stream No. kW
QH503 2.96 WM503 171.59
QH506 -0.32   
QH507 0.24   
QH509 5.86   
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COMPONENT UNITS 102 211 251 518A 525 526 527 528 529 530 531 532 533 534A 535 580 860
Total Flow kg/hr 43,017 99,344 71,466 386,533 303,646 82,887 82,887 116,868 77,752 77,752 39,922 76,946 76,946 237,585 23,759 194,620 4,858
Insoluble Solids % 0.0% 0.0% 0.0% 5.8% 7.4% 0.0% 0.0% 0.8% 0.0% 0.0% 2.4% 0.0% 0.0% 0.0% 0.0% 0.5% 0.0%
Soluble Solids % 0.1% 0.1% 0.1% 4.2% 5.2% 0.4% 0.4% 8.8% 0.0% 0.0% 25.8% 0.0% 0.0% 0.1% 0.1% 5.3% 0.0%
Temperature C 74 74 74 117 87 87 87 71 71 71 64 64 64 74 74 40 115
Pressure atm 3.00 3.00 3.00 2.10 0.60 0.60 0.61 0.31 0.31 0.32 0.21 0.21 0.23 2.00 1.00 3.20 1.68
Vapor Fraction 0.00 0.00 0.00 0.00 0.00 1.00 0.00 0.00 1.00 0.00 0.00 1.00 0.00 0.00 0.00 0.00 0.97
Ethanol kg/hr 31 71 51 182 39 143 143 3 24 24 0 2 2 170 17 27
Water kg/hr 42,546 98,256 70,684 337,819 255,932 81,887 81,887 99,813 77,243 77,243 23,957 75,856 75,856 234,985 23,499 177,056 4,858
Glucose (SS) kg/hr 82 82 57 57 57
Xylose (SS) kg/hr 0 0 0 909 909 0 0 629 0 0 629 0 0 0 0 629
Arabinose (SS) kg/hr 0 0 0 217 217 0 0 150 150 0 0 150
Other Sugars (SS) kg/hr 254 254 176 176 176
Cellobiose (SS) kg/hr 360 360 249 249 249
Glucose Oligomers (SS) kg/hr 1,853 1,853 1,282 1,282 1,282
Xylose Oligomers (SS) kg/hr 0 0 0 646 646 0 0 447 0 0 447 0 0 0 0 447
Other Oligomers (SS) kg/hr 969 969 670 670 670
Corn Steep Liquor (SS) kg/hr 58 133 96 1,314 996 319 319 319 32
Others (Soluble Solids) kg/hr 9,581 9,581 6,628 6,628 6,628
Acetic Acid kg/hr 325 751 540 4,998 4,689 309 309 2,827 418 418 1,757 1,070 1,070 1,796 180 3,244
Sulfuric Acid kg/hr 0 0 0 154 154 0 0 107 0 0 107 0 0 0 0 107
Furfural kg/hr 48 111 80 298 100 197 197 13 56 56 2 12 12 265 27 69
HMF kg/hr 7 17 12 46 16 31 31 2 9 9 0 2 2 41 4 11
Carbon Dioxide kg/hr
Methane kg/hr
Oxygen kg/hr 0
Nitrogen kg/hr
Others kg/hr 2 4 3 4,275 4,273 2 2 2,852 2 2 2,847 5 5 9 1 2,854
Cellulose (IS) kg/hr 1,365 1,365 20 20 20
Xylan (IS) kg/hr 439 439 7 7 7
Arabinan (IS) kg/hr 61 61 1 1 1
Other Sugar Polymers (IS) kg/hr 73 73 1 1 1
Cellulase (IS) kg/hr 650 650 244 244 244
Biomass (IS) kg/hr 0 0 0 0 0
Zymo (IS) kg/hr 1,088 1,088 408 408 408
Lignin (IS) kg/hr 14,252 14,252 214 214 214
Gypsum (IS) kg/hr 28 28 0 0 0
Ca(OH)2 (IS) kg/hr
Others (Insoluble Solids) kg/hr 4,620 4,620 69 69 69
Enthalpy Flow (millions) Kcal/hr -160.0 -369.5 -265.8 -1307.1 -1018.2 -262.3 -307.3 -374.4 -247.0 -290.0 -88.4 -243.9 -286.5 -883.7 -88.4 -665.5 -15.5
Average Density g/ml 0.944 0.944 0.944 0.957 1.003 0.000 0.932 0.983 0.000 0.948 1.085 0.000 0.954 0.944 0.944 0.999 0.001

861
4,858
0.0%
0.0%
115
1.68
0.00

4,858

-18.0
0.947

Stream No. MM kcal/hr Stream No. kW
QCD502 24.58 WP511 198.53
QE501A2 2.49 WP512 55.37
QE502B 44.05 WP513 23.68
QE503B 42.11 WP514 40.33
QH517 42.58

Eq. No. Equipment Name Req.Spare Equipment Type Mat Const.
E-501 1st Effect Evaporation 2 SHELL-TUBE SS316
E-502 2nd Effect Evaporation 1 SHELL-TUBE SS316
E-503 3rd Effect Evaporation 2 SHELL-TUBE SS316
H-517 Evaporator Condenser 1 1 SHELL-TUBE SS304;CS
P-511 1st Effect Pump 2 1 CENTRIFUGAL SS
P-512 2nd Effect Pump 1 1 CENTRIFUGAL SS
P-513 3rd Effect Pump 2 1 CENTRIFUGAL SS
P-514 Evaporator Condensate Pump 1 1 CENTRIFUGAL SS304
T-514 Evaporator Condensate Drum 1 HORIZONTAL-VESSELSS304
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COMPONENT UNITS 219 516 525 559 571 572 573 574 560 580
Total Flow kg/hr 207,096 37,643 303,646 5,921 44,075 259,493 64,873 104,579 5,999 194,620
Insoluble Solids % 0.2% 0.0% 7.4% 0.0% 48.3% 0.5% 0.5% 0.0% 0.0% 0.5%
Soluble Solids % 1.7% 0.4% 5.2% 0.0% 4.9% 5.3% 5.3% 0.0% 0.1% 5.3%
Temperature C 46 121 87 40 38 40 40 20 38 40
Pressure atm 1.00 4.29 0.60 9.51 3.20 3.20 3.20 1.00 3.20 3.20
Vapor Fraction 0.00 0.00 0.00 1.00 0.00 0.00 0.00 0.00 1.00 0.00
Ethanol kg/hr 28 19 39 3 36 9 0 27
Water kg/hr 200,466 36,868 255,932 19,783 236,075 59,019 104,579 74 177,056
Glucose (SS) kg/hr 19 82 6 76 19 57
Xylose (SS) kg/hr 210 0 909 70 838 210 629
Arabinose (SS) kg/hr 50 0 217 17 200 50 150
Other Sugars (SS) kg/hr 59 254 20 235 59 176
Cellobiose (SS) kg/hr 83 360 28 332 83 249
Glucose Oligomers (SS) kg/hr 427 1,853 144 1,709 427 1,282
Xylose Oligomers (SS) kg/hr 149 0 646 50 596 149 447
Other Oligomers (SS) kg/hr 223 969 75 894 223 670
Corn Steep Liquor (SS) kg/hr 145 145 996 992 4
Others (Soluble Solids) kg/hr 2,209 9,581 743 8,838 2,209 6,628
Acetic Acid kg/hr 1,341 259 4,689 363 4,326 1,081 1 3,244
Sulfuric Acid kg/hr 36 0 154 12 142 36 0 107
Furfural kg/hr 301 278 100 8 93 23 0 69
HMF kg/hr 47 43 16 1 14 4 0 11
Carbon Dioxide kg/hr 29 29
Methane kg/hr
Oxygen kg/hr 0 0 1,243 0 1,243
Nitrogen kg/hr 0 0 4,678 1 4,677
Others kg/hr 952 1 4,273 468 3,805 951 0 2,854
Cellulose (IS) kg/hr 7 1,365 1,337 27 7 20
Xylan (IS) kg/hr 2 439 430 9 2 7
Arabinan (IS) kg/hr 0 61 60 1 0 1
Other Sugar Polymers (IS) kg/hr 0 73 72 1 0 1
Cellulase (IS) kg/hr 81 650 325 325 81 244
Biomass (IS) kg/hr 0 0 0 0 0 0
Zymo (IS) kg/hr 136 1,088 544 544 136 408
Lignin (IS) kg/hr 71 14,252 13,967 285 71 214
Gypsum (IS) kg/hr 0 28 27 1 0 0
Ca(OH)2 (IS) kg/hr
Others (Insoluble Solids) kg/hr 23 4,620 4,528 92 23 69
Enthalpy Flow (millions) Kcal/hr -755.7 -137.3 -1018.2 0.0 -136.2 -887.3 -221.8 -396.6 -0.2 -665.5
Average Density g/ml 0.9793 0.8964 1.0034 0.0106 1.3326 0.9990 0.9990 0.9983 0.0036 0.9990

Eq. No. Equipment Name Req.Spare Equipment Type Mat Const.
A-530 Recycled Water Tank Agitator 1 FIXED-PROP CS
C-501 Lignin Wet Cake Screw 1 SCREW CS
P-530 Recycled Water Pump 1 1 CENTRIFUGAL CS
S-505 Pneumapress Filter 4 PNEUMAPRESS SS316
T-530 Recycled Water Tank 1 FLAT-BTM-STORAGECS

Heat Stream No. MM kcal/hr Work Stream No. kW
WC501 28.16
WP530 59.41
WS505 113.91
WT530 6.83
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COMPONENT UNITS 262 520 535 612 613 615 618 630 821 944
Total Flow kg/hr 200 53,152 23,759 97,264 97,264 625 96,697 58 5,715 14,439
Insoluble Solids % 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0%
Soluble Solids % 0.0% 0.1% 0.1% 0.1% 0.1% 0.0% 0.1% 0.0% 0.0% 0.0%
Temperature C 38 30 74 59 35 35 35 20 309 28
Pressure atm 1.00 1.00 1.00 2.00 2.00 1.00 1.00 1.00 96.26 1.00
Vapor Fraction 0.00 0.00 0.00 0.00 0.00 1.00 0.00 0.00 0.00 0.00
Ethanol kg/hr 0 73 17 90 90 0 6
Water kg/hr 199 52,244 23,499 96,094 96,094 28 96,414 5,715 14,439
Glucose (SS) kg/hr
Xylose (SS) kg/hr 0 0 0 0 0
Arabinose (SS) kg/hr 0 0 0 0 0
Other Sugars (SS) kg/hr
Cellobiose (SS) kg/hr
Glucose Oligomers (SS) kg/hr
Xylose Oligomers (SS) kg/hr 0 0 0 0
Other Oligomers (SS) kg/hr
Corn Steep Liquor (SS) kg/hr 0 48 32 80 80 0 80
Others (Soluble Solids) kg/hr
Acetic Acid kg/hr 1 268 180 449 449 0 31
Sulfuric Acid kg/hr 0 0 0 0 0
Furfural kg/hr 0 449 27 476 476 0 33
HMF kg/hr 0 70 4 74 74 0 5
Carbon Dioxide kg/hr 273 25
Methane kg/hr 324 1
Oxygen kg/hr 0 0 0 0 0
Nitrogen kg/hr 0 0 0 0 0
Others kg/hr 0 0 1 1 1 0 58 58
Cellulose (IS) kg/hr
Xylan (IS) kg/hr
Arabinan (IS) kg/hr
Other Sugar Polymers (IS) kg/hr
Cellulase (IS) kg/hr
Biomass (IS) kg/hr 43
Zymo (IS) kg/hr
Lignin (IS) kg/hr
Gypsum (IS) kg/hr
Ca(OH)2 (IS) kg/hr
Others (Insoluble Solids) kg/hr
Enthalpy Flow (millions) Kcal/hr -0.8 -198.6 -88.4 -362.3 -364.6 -1.0 -365.0 -0.2 -19.9 -54.6
Average Density g/ml 0.9808 0.9903 0.9442 0.9604 0.9846 0.0009 0.9841 0.9983 0.6925 0.9906

Heat Stream No. MM kcal/hr Work Stream No. kW
QH602 2.26 WM604 4.14

WP602 22.57
WP606 22.45
WS600 0.42

  WT602 14.37
WT606 31.06

Eq. No. Equipment Name Req.Spare Equipment Type Mat Const.
A-602 Equalization Basin Agitator 1 FIXED-PROP SS
A-606 Anaerobic Agitator 1 FIXED-PROP SS
H-602 Anaerobic Digestor Feed Cooler 1 SHELL-TUBE SS316;CS
M-604 Nutrient Feed System 1 PACKAGE CS
M-606 Biogas Emergency Flare 1 MISCELLANEOUS SS
P-602 Anaerobic Reactor Feed Pump 1 1 CENTRIFUGAL CS
P-606 Aerobic Digestor Feed Pump 1 1 CENTRIFUGAL CS
S-600 Bar Screen 1 SCREEN CS
T-602 Equalization Basin 1 FLAT-BTM-STORAGECONCRETE
T-606 Anaerobic Digestor 1 FLAT-BTM-STORAGEEPOXY-LINED
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COMPONENT UNITS 618 620 621 623 624 625 626 627 631
Total Flow kg/hr 96,697 40,204 97,095 218 95,805 1,290 39,531 1,072 0
Insoluble Solids % 0.0% 0.0% 0.1% 30.0% 0.0% 5.1% 0.0% 0.0% 0.0%
Soluble Solids % 0.1% 0.0% 0.1% 0.1% 0.1% 0.1% 0.0% 0.1% 0.0%
Temperature C 35 21 21 21 21 21 20 21 20
Pressure atm 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00
Vapor Fraction 0.00 1.00 0.00 0.00 0.00 0.00 1.00 0.00 0.00
Ethanol kg/hr 6 0 1 0 1 0 0
Water kg/hr 96,414 627 96,881 152 95,658 1,222 1,070
Glucose (SS) kg/hr
Xylose (SS) kg/hr 0 0 0 0 0 0
Arabinose (SS) kg/hr 0
Other Sugars (SS) kg/hr
Cellobiose (SS) kg/hr
Glucose Oligomers (SS) kg/hr
Xylose Oligomers (SS) kg/hr
Other Oligomers (SS) kg/hr
Corn Steep Liquor (SS) kg/hr 80 1 80 0 79 1 1
Others (Soluble Solids) kg/hr
Acetic Acid kg/hr 31 0 3 0 3 0 0
Sulfuric Acid kg/hr
Furfural kg/hr 33 0 3 0 3 0 0
HMF kg/hr 5 0 0 0 0 0 0
Carbon Dioxide kg/hr 25 112 0 0 0 0 0
Methane kg/hr 1 1 0 0 0 0 0
Oxygen kg/hr 0 8,235 1 0 1 0 8,302 0
Nitrogen kg/hr 0 31,228 1 0 1 0 31,230 0
Others kg/hr 58 0 58 0 58 1 1 0
Cellulose (IS) kg/hr
Xylan (IS) kg/hr
Arabinan (IS) kg/hr
Other Sugar Polymers (IS) kg/hr
Cellulase (IS) kg/hr
Biomass (IS) kg/hr 43 65 65 65
Zymo (IS) kg/hr
Lignin (IS) kg/hr
Gypsum (IS) kg/hr
Ca(OH)2 (IS) kg/hr
Others (Insoluble Solids) kg/hr
Enthalpy Flow (millions) Kcal/hr -365.0 -2.3 -367.9 -0.6 -363.2 -4.7 0.0 -4.1 0.0
Average Density g/ml 0.9841 0.0012 0.9976 1.1481 0.9973 1.0228 0.0012 0.9973 0.9983

Eq. No. Equipment Name Req.Spare Equipment Type Mat Const.
A-608 Aerobic Lagoon Agitator 16 SURFACE-AERATORCS
C-614 Aerobic Sludge Screw 1 SCREW CS
M-612 Filter Precoat System 1 MISCELLANEOUS CS
P-608 Aerobic Sludge Recycle Pump 1 SLURRY SS316
P-610 Aerobic Sludge Pump 1 SLURRY SS316
P-611 Aerobic Digestion Outlet Pump 1 1 CENTRIFUGAL CS
P-614 Sludge Filtrate Recycle Pump 1 1 CENTRIFUGAL CS
P-616 Treated Water Pump 1 1 CENTRIFUGAL CS
S-614 Belt Filter Press 1 FILTER-PRESS 304SS;BUNA N
T-608 Aerobic Digestor 1 LINED-PIT POLYMER LINED
T-610 Clarifier 1 CLARIFIER CONCRETE

Heat Stream No. MM kcal/hr Work Stream No. kW
  WC614 1.25

WM612 0.90
  WP608 0.29

WP610 0.17
WP611 22.24
WP614 0.25
WP616 21.95
WS614 11.64
WT608 159.77
WT610 2.07



COMPONENT UNITS 3 1 0 3 1 0 A 311 3 1 1 A 312 5 1 5 7 0 1 7 0 3 710 713 7 2 3 7 3 5 7 5 0 755
Tota l  F low k g / h r 28 219 136 1 , 0 8 7 6 , 8 2 4 24,686 1 ,019 25,705 3 , 2 8 8 9 , 0 8 0 20 1 ,306 6 ,824 1 6 3
Insolub le  Sol ids % 0 . 0 % 0 . 0 % 0.0% 0.0% 8.3% 0 . 0 % 0 . 0 % 0.0% 0.0% 0.0% 0 . 0 % 0 . 0 % 8.3% 0.0%
Solub le  So l ids % 0 . 0 % 100.0% 0.0% 100.0% 0.0% 0 . 0 % 0 . 0 % 0.0% 0.0% 0.0% 0 . 0 % 100.0% 0.0% 0.0%
Tempera tu re C 20 20 20 2 0 2 0 38 20 20 2 0 2 0 20 20 20 2 0
Pressu re atm 1 .00 1 .00 1 .00 1 . 0 0 1.00 1 .00 1 .00 1 .00 1 . 0 0 1.00 1 .00 1 .00 1 .00 1 . 0 0
Vapo r  F rac t i on 0 .00 0 .00 0 .00 0 . 0 0 0.00 0 .00 0 .00 0 .00 0 . 0 0 0.00 1 .00 0 .00 0 .00 0 . 0 0
E t h a n o l k g / h r 24 ,564 24,564
W a t e r k g / h r 6 , 2 5 5 122 122 9 , 0 8 0 6 ,255
G l u c o s e  ( S S ) k g / h r
X y l o s e  ( S S ) k g / h r
A r a b i n o s e  ( S S ) k g / h r
O t h e r  S u g a r s  ( S S ) k g / h r
Ce l lob iose  (SS) k g / h r
G lucose  O l i gomers  (SS ) k g / h r
Xy lose  O l i gomers  (SS) k g / h r
Other  O l igomers  (SS) k g / h r
Corn  S teep  L iquor  (SS) k g / h r 219 1 , 0 8 7 1 ,306
O t h e r s  ( S o l u b l e  S o l i d s ) k g / h r
A c e t i c  A c i d k g / h r
Su l fu r i c  Ac id k g / h r 3 , 2 8 8
F u r f u r a l k g / h r
H M F k g / h r
Carbon  D iox ide k g / h r
Methane k g / h r
O x y g e n k g / h r
Ni t rogen k g / h r
Others k g / h r 28 136 1 ,019 1 ,019 20 1 6 3
Cel lu lose ( IS) k g / h r
Xylan ( IS) k g / h r
A rab inan  ( IS ) k g / h r
O the r  Sugar  Po lymers  ( IS ) k g / h r
Cel lu lase ( IS) k g / h r 5 6 8 5 6 8
B iomass  ( IS ) k g / h r
Zymo ( IS) k g / h r
L ign in  ( IS) k g / h r
G y p s u m  ( I S ) k g / h r
Ca(OH)2  ( IS ) k g / h r
O the rs  ( I nso lub le  So l i ds ) k g / h r
Entha lpy  F low (mi l l i ons) K c a l / h r - 0 . 1 -0.8 -0.4 -4.1 -24 .2 - 3 5 . 6 -0.5 -36.4 -6.4 -34 .4 0.0 -5.0 -24.2 -0.5
A v e r a g e  D e n s i t y g / m l 1 . 0 0 9 6 0.9983 1.0096 0.9983 1 . 0 4 0 3 0.7753 0.6876 0.7872 1.8166 0 . 9 9 8 3 0.0018 0.9983 1.0403 1.0096 I0203I.xls

Eq. No. Equipment Name Req.Spare Equipment Type Mat Const.
A-701 Denaturant In-line Mixer 1 STATIC SS304
A-720 CSL Storage Tank Agitator 1 FIXED-PROP SS304
A-760 CSL/DAP Day Tank Agitator 1 FIXED-PROP SS304
C-755 DAP Solids Feeder 1 ROTARY-VALVE A285C
P-701 Ethanol Product Pump 2 1 CENTRIFUGAL CS
P-703 Sulfuric Acid Pump 1 1 CENTRIFUGAL SS316
P-704 Firewater Pump 1 1 CENTRIFUGAL CS
P-710 Gasoline Pump 1 1 CENTRIFUGAL CS
P-720 CSL Pump 1 1 CENTRIFUGAL CS
P-750 Cellulase Pump 1 1 CENTRIFUGAL CS
P-755 DAP Unloading Blower 1 CENTRIFUGAL CS
P-760 CSL/DAP Pump 1 1 CENTRIFUGAL CS
S-755 DAP Vent Baghouse 1 FABRIC-FILTER A285C;POLYESTER
T-701 Ethanol Product Storage Tank 2 FLAT-BTM-STORAGEA285C
T-703 Sulfuric Acid Storage Tank 1 FLAT-BTM-STORAGESS316
T-704 Firewater Storage Tank 1 FLAT-BTM-STORAGEA285C
T-709 Propane Storage Tank 1 HORIZONTAL STORAGEA515
T-710 Gasoline Storage Tank 1 FLAT-BTM-STORAGEA285C
T-720 CSL Storage Tank 1 FLAT-BTM-STORAGESS304
T-750 Cellulase Storage Tank 2 FLAT-BTM-STORAGESS304
T-755 DAP Storage Bin 1 LIVE-BTM-BIN CS
T-760 CSL/DAP Day Tank 1 FLAT-BTM-STORAGESS304

Work Stream No. kW Work Stream No. kW
WC755 0.06 WP750 0.48
WP701 5.24 WP755 1.96
WP703 0.40 WP760 0.29
WP704 0.00 WT720 3.09
WP710 0.43 WT760 3.61
WP720 0.29
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COMPONENT UNITS 261 560 804 804A 804B 804D 809 809A 810
Total Flow kg/hr 4,894 5,999 260,116 271,009 271,009 355,828 4,492 355,828 351,336
Insoluble Solids % 0.0% 0.0% 0.0% 0.0% 0.0% 1.3% 100.0% 1.3% 0.0%
Soluble Solids % 0.0% 0.1% 0.0% 0.0% 0.0% 0.3% 0.0% 0.3% 0.3%
Temperature C 38 38 24 26 204 278 164 164
Pressure atm 1.00 3.20 1.00 1.01 1.01 0.97 0.97 0.97
Vapor Fraction 1.00 1.00 1.00 1.00 1.00 0.99 0.00 0.99 1.00
Ethanol kg/hr 0 0 0 0 0 0 0
Water kg/hr 205 74 3,382 3,661 3,661 67,617 67,617 67,617
Glucose (SS) kg/hr 1 1 1
Xylose (SS) kg/hr 7 7 7
Arabinose (SS) kg/hr 2 2 2
Other Sugars (SS) kg/hr 2 2 2
Cellobiose (SS) kg/hr 3 3 3
Glucose Oligomers (SS) kg/hr 14 14 14
Xylose Oligomers (SS) kg/hr 5 5 5
Other Oligomers (SS) kg/hr 7 7 7
Corn Steep Liquor (SS) kg/hr 0 4 4 4 996 996 996
Others (Soluble Solids) kg/hr 74 74 74
Acetic Acid kg/hr 1 1 1 1 21 21 21
Sulfuric Acid kg/hr 0 0 0 2 2 2
Furfural kg/hr 1 0 2 2 0 0 0
HMF kg/hr 0 0 0 0 0 0 0
Carbon Dioxide kg/hr 65,570 65,570 65,570
Methane kg/hr 3 3 3
Oxygen kg/hr 984 1,243 59,411 61,638 61,638 10,273 10,273 10,273
Nitrogen kg/hr 3,702 4,677 197,324 205,703 205,703 206,283 206,283 206,283
Others kg/hr 0 0 0 0 402 402 402
Cellulose (IS) kg/hr 14 13 14 0
Xylan (IS) kg/hr 4 4 4 0
Arabinan (IS) kg/hr 1 1 1 0
Other Sugar Polymers (IS) kg/hr 1 1 1 0
Cellulase (IS) kg/hr 6 6 6 0
Biomass (IS) kg/hr 1 1 1 0
Zymo (IS) kg/hr 10 9 10 0
Lignin (IS) kg/hr 142 140 142 2
Gypsum (IS) kg/hr 28 27 28 0
Ca(OH)2 (IS) kg/hr
Others (Insoluble Solids) kg/hr 4,342 4,290 4,342 52
Enthalpy Flow (millions) Kcal/hr -0.6 -0.2 -10.9 -11.7 0.2 -347.1 -12.0 -359.0 -347.0
Average Density g/ml 0.0011 0.0036 0.0012 0.0012 0.0007 0.0407 3.1415 0.0409 0.0012

Heat Stream No. MM kcal/hr Work Stream No. kW
QH801 11.86 WCOMBFAN 119.95

WM804 176.00

Eq. No. Equipment Name Req. Spare Equipment Type Mat Const.
H-801 Burner Combustion Air Preheater 1 MISCELLANEOUS
M-804 Combustion Gas Baghouse 1 FABRIC-FILTER A285C;FABRIC
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COMPONENT UNITS 531 571 615 623 803 804B 804D 812 812B 813A 813B 814 815 815A 815E 816 816A
Total Flow kg/hr 39,922 44,075 625 218 84,215 271,009 355,828 184,771 14,240 190,485 190,485 37,234 95,287 16,665 16,486 16,486 16,486
Insoluble Solids % 2.4% 48.3% 0.0% 30.0% 26.5% 0.0% 1.3% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0%
Soluble Solids % 25.8% 4.9% 0.0% 0.1% 14.8% 0.0% 0.3% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0%
Temperature C 64 38 35 21 55 204 278 510 268 139 177 268 164 164 46 46 46
Pressure atm 0.21 3.20 1.00 1.00 1.00 1.01 0.97 86.06 13.00 98.31 97.63 13.00 4.42 4.42 0.10 0.10 4.20
Vapor Fraction 0.00 0.00 1.00 0.00 0.00 1.00 0.99 1.00 1.00 0.00 0.00 1.00 1.00 1.00 0.87 0.00 0.00
Ethanol kg/hr 0 3 0 0 3 0 0
Water kg/hr 23,957 19,783 28 152 43,893 3,661 67,617 184,771 14,240 190,485 190,485 37,234 95,287 16,665 16,486 16,486 16,486
Glucose (SS) kg/hr 57 6 63 1
Xylose (SS) kg/hr 629 70 0 699 7
Arabinose (SS) kg/hr 150 17 167 2
Other Sugars (SS) kg/hr 176 20 196 2
Cellobiose (SS) kg/hr 249 28 277 3
Glucose Oligomers (SS) kg/hr 1,282 144 1,426 14
Xylose Oligomers (SS) kg/hr 447 50 497 5
Other Oligomers (SS) kg/hr 670 75 746 7
Corn Steep Liquor (SS) kg/hr 992 0 0 992 4 996
Others (Soluble Solids) kg/hr 6,628 743 7,372 74
Acetic Acid kg/hr 1,757 363 0 0 2,120 1 21
Sulfuric Acid kg/hr 107 12 118 0 2
Furfural kg/hr 2 8 0 0 9 2 0
HMF kg/hr 0 1 0 0 1 0 0
Carbon Dioxide kg/hr 273 0 0 65,570
Methane kg/hr 324 0 0 3
Oxygen kg/hr 0 0 0 0 61,638 10,273
Nitrogen kg/hr 1 0 0 1 205,703 206,283
Others kg/hr 2,847 468 0 0 3,315 0 402
Cellulose (IS) kg/hr 20 1,337 1,358 14
Xylan (IS) kg/hr 7 430 437 4
Arabinan (IS) kg/hr 1 60 61 1
Other Sugar Polymers (IS) kg/hr 1 72 73 1
Cellulase (IS) kg/hr 244 325 568 6
Biomass (IS) kg/hr 0 0 65 65 1
Zymo (IS) kg/hr 408 544 952 10
Lignin (IS) kg/hr 214 13,967 14,181 142
Gypsum (IS) kg/hr 0 27 28 28
Ca(OH)2 (IS) kg/hr
Others (Insoluble Solids) kg/hr 69 4,528 4,597 4,342
Enthalpy Flow (millions) Kcal/hr -88.4 -136.2 -1.0 -0.6 -225.2 0.2 -347.1 -554.1 -44.2 -699.8 -692.4 -115.6 -300.3 -52.5 -53.9 -62.1 -62.1
Average Density g/ml 1.0845 1.3326 0.0009 1.1481 1.2092 0.0007 0.0407 0.0259 0.0055 0.9320 0.8963 0.0055 0.0023 0.0023 0.0001 0.9898 0.9899

Eq. No. Equipment Name Req. Spare Equipment Type Mat Const.
H-811 BFW Preheater 1 SHELL-TUBE SS304
M-803 Fluidized Bed Combustion Reactor 1 MISCELLANEOUS CS
M-811 Turbine/Generator 1 STEAM-TURBINE
P-811 Turbine Condensate Pump 2 CENTRIFUGAL SS304

Heat Stream No. MM kcal/hr Work Stream No. kW
QBOILER 118.35 WKNET -18747.45
QH811 -0.64 WP811 3.89
QM811 8.22 WPLANT 11717.68
  WTOTAL -30465.14

821 823 840 860
5,715 14,240 0 4,858
0.0% 0.0% 0.0% 0.0%
0.0% 0.0% 0.0% 0.0%
309 190 25 115

96.26 12.32 1.00 1.68
0.00 0.00 1.00 0.97

5,715 14,240 4,858

0

-19.9 -51.6 0.0 -15.5
0.6925 0.8763 0.0007 0.0010
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COMPONENT UNITS 591 593 595 597 811 811A 811B 812E 813 813A 815A 816A 821 823 861
Total Flow kg/hr 9,490 8,164 65,505 621 54,456 119,364 173,820 0 190,485 190,485 16,665 16,486 5,715 14,240 4,858
Insoluble Solids % 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0%
Soluble Solids % 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0%
Temperature C 148 148 148 148 26 115 87 137 139 164 46 309 190 115
Pressure atm 4.42 4.42 4.42 4.42 3.40 1.70 3.40 3.30 3.30 98.31 4.42 4.20 96.26 12.32 1.68
Vapor Fraction 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 1.00 0.00 0.00 0.00 0.00
Ethanol kg/hr
Water kg/hr 9,490 8,164 65,505 621 54,456 119,364 173,820 190,485 190,485 16,665 16,486 5,715 14,240 4,858
Glucose (SS) kg/hr
Xylose (SS) kg/hr
Arabinose (SS) kg/hr
Other Sugars (SS) kg/hr
Cellobiose (SS) kg/hr
Glucose Oligomers (SS) kg/hr
Xylose Oligomers (SS) kg/hr
Other Oligomers (SS) kg/hr
Corn Steep Liquor (SS) kg/hr
Others (Soluble Solids) kg/hr
Acetic Acid kg/hr
Sulfuric Acid kg/hr
Furfural kg/hr
HMF kg/hr
Carbon Dioxide kg/hr
Methane kg/hr
Oxygen kg/hr
Nitrogen kg/hr
Others kg/hr
Cellulose (IS) kg/hr
Xylan (IS) kg/hr
Arabinan (IS) kg/hr
Other Sugar Polymers (IS) kg/hr
Cellulase (IS) kg/hr
Biomass (IS) kg/hr
Zymo (IS) kg/hr
Lignin (IS) kg/hr
Gypsum (IS) kg/hr
Ca(OH)2 (IS) kg/hr
Others (Insoluble Solids) kg/hr
Enthalpy Flow (millions) Kcal/hr -34.7 -29.9 -239.7 -2.3 -206.3 -441.6 -647.9 -700.4 -699.8 -52.5 -62.1 -19.9 -51.6 -18.0
Average Density g/ml 0.8653 0.8653 0.8653 0.8653 0.9970 0.9467 0.9670 0.9283 0.9320 0.0023 0.9899 0.6925 0.8763 0.9466

Heat Stream No. MM kcal/hr Work Stream No. kW
WP804 20.46
WP824 11.44

  WP826 719.27
  WP828 1.80

Eq. No. Equipment Name Req. Spare Equipment Type Mat Const.
M-820 Hot Process Water Softener System 1 PACKAGE
P-804 Condensate Pump 2 CENTRIFUGAL SS316
P-824 Deaerator Feed Pump 2 CENTRIFUGAL SS304
P-826 BFW Pump 5 CENTRIFUGAL SS316
P-828 Blowdown Pump 2 CENTRIFUGAL CS
T-804 Condensate Collection Tank 1 VERTICAL-VESSEL A285C
T-824 Condensate Surge Drum 1 HORIZONTAL-VESSELSS304
T-826 Deaerator 1 HORIZONTAL-VESSELCS;SS316
T-828 Blowdown Flash Drum 1 HORIZONTAL-VESSELCS
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COMPONENT UNITS
Total Flow kg/hr
Insoluble Solids %
Soluble Solids %
Temperature C
Pressure atm
Vapor Fraction
Ethanol kg/hr
Water kg/hr
Glucose (SS) kg/hr
Xylose (SS) kg/hr
Arabinose (SS) kg/hr
Other Sugars (SS) kg/hr
Cellobiose (SS) kg/hr
Glucose Oligomers (SS) kg/hr
Xylose Oligomers (SS) kg/hr
Other Oligomers (SS) kg/hr
Corn Steep Liquor (SS) kg/hr
Others (Soluble Solids) kg/hr
Acetic Acid kg/hr
Sulfuric Acid kg/hr
Furfural kg/hr
HMF kg/hr
Carbon Dioxide kg/hr
Methane kg/hr
Oxygen kg/hr
Nitrogen kg/hr
Others kg/hr
Cellulose (IS) kg/hr
Xylan (IS) kg/hr
Arabinan (IS) kg/hr
Other Sugar Polymers (IS) kg/hr
Cellulase (IS) kg/hr
Biomass (IS) kg/hr
Zymo (IS) kg/hr
Lignin (IS) kg/hr
Gypsum (IS) kg/hr
Ca(OH)2 (IS) kg/hr
Others (Insoluble Solids) kg/hr
Enthalpy Flow (millions) Kcal/hr
Average Density g/ml

Eq. No. Equipment Name Req.Spare Equipment Type Mat Const.
M-830 Hydrazine Addition Pkg. 1 PACKAGE
M-832 Ammonia Addition Pkg 1 PACKAGE
M-834 Phosphate Addition Pkg. 1 PACKAGE
P-830 Hydrazine Transfer Pump 1 CENTRIFUGAL CS
T-830 Hydrazine Drum 1 VERTICAL-VESSEL SS316

Heat Stream No. MM kcal/hr Work Stream No. kW
  WM830 10.00

WM832 10.00
WM834 10.00

  WP830 0.02
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COMPONENT UNITS 259 559 940 941 942 944 945 949
Total Flow kg/hr 4,687 5,921 12,256,909 158,828 9,330 14,439 12,256,909 135,059
Insoluble Solids % 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0%
Soluble Solids % 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0%
Temperature C 40 40 37 28 28 28 28 28
Pressure atm 9.51 9.51 4.08 1.00 1.00 1.00 4.08 0.04
Vapor Fraction 1.00 1.00 0.00 0.00 0.00 0.00 0.00 1.00
Ethanol kg/hr
Water kg/hr 12,256,909 158,828 9,330 14,439 12,256,909 135,059
Glucose (SS) kg/hr
Xylose (SS) kg/hr
Arabinose (SS) kg/hr
Other Sugars (SS) kg/hr
Cellobiose (SS) kg/hr
Glucose Oligomers (SS) kg/hr
Xylose Oligomers (SS) kg/hr
Other Oligomers (SS) kg/hr
Corn Steep Liquor (SS) kg/hr
Others (Soluble Solids) kg/hr
Acetic Acid kg/hr
Sulfuric Acid kg/hr
Furfural kg/hr
HMF kg/hr
Carbon Dioxide kg/hr
Methane kg/hr
Oxygen kg/hr 984 1,243
Nitrogen kg/hr 3,703 4,678
Others kg/hr
Cellulose (IS) kg/hr
Xylan (IS) kg/hr
Arabinan (IS) kg/hr
Other Sugar Polymers (IS) kg/hr
Cellulase (IS) kg/hr
Biomass (IS) kg/hr
Zymo (IS) kg/hr
Lignin (IS) kg/hr
Gypsum (IS) kg/hr
Ca(OH)2 (IS) kg/hr
Others (Insoluble Solids) kg/hr
Enthalpy Flow (millions) Kcal/hr 0.0 0.0 -46287.8 -601.1 -35.3 -54.6 -46390.7 -432.8
Average Density g/ml 0.0106 0.0106 0.9819 0.9906 0.9906 0.9906 0.9906 0.0000

Eq. No. Equipment Name Req.Spare Equipment Type Mat Const.
M-902 Cooling Tower System 1 INDUCED-DRAFT FIBERGLASS
M-904 Plant Air Compressor 2 1 CENTRIFUGAL
P-902 Cooling Water Pump 1 1 CENTRIFUGAL CS
S-904 Instrument Air Dryer 1 1 PACKAGE CS
T-902 Prehydrolysis Filter Air Receiver 3 HORIZONTAL-PRESSURECS
T-904 Plant Air Receiver 1 HORIZONTAL-VESSELCS
T-905 Product Recovery Filter Air Receiver 4 HORIZONTAL-PRESSURECS

Heat Stream No. MM kcal/hr Work Stream No. kW
QCWCAP 102.94 WM902 657.67

WM904 1110.89
WP902 1258.33

  WS904 7.36
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COMPONENT UNITS 251 524 574 624 811 904 905 906 941 943
Total Flow kg/hr 71,466 35,912 104,579 95,805 54,456 186,649 263,552 145 158,828 96,281
Insoluble Solids % 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0%
Soluble Solids % 0.1% 0.0% 0.0% 0.1% 0.0% 0.0% 0.1% 0.0% 0.0% 0.0%
Temperature C 74 26 20 21 26 26 38 20 28 26
Pressure atm 3.00 1.00 1.00 1.00 3.40 1.00 1.00 1.00 1.00 1.00
Vapor Fraction 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Ethanol kg/hr 51 1 52
Water kg/hr 70,684 35,912 104,579 95,658 54,456 186,649 262,624 145 158,828 96,281
Glucose (SS) kg/hr
Xylose (SS) kg/hr 0 0 0
Arabinose (SS) kg/hr 0 0
Other Sugars (SS) kg/hr
Cellobiose (SS) kg/hr
Glucose Oligomers (SS) kg/hr
Xylose Oligomers (SS) kg/hr 0 0
Other Oligomers (SS) kg/hr
Corn Steep Liquor (SS) kg/hr 96 79 175
Others (Soluble Solids) kg/hr
Acetic Acid kg/hr 540 3 543
Sulfuric Acid kg/hr 0 0
Furfural kg/hr 80 3 83
HMF kg/hr 12 0 13
Carbon Dioxide kg/hr 0 0
Methane kg/hr 0 0
Oxygen kg/hr 1 1
Nitrogen kg/hr 1 1
Others kg/hr 3 58 60
Cellulose (IS) kg/hr
Xylan (IS) kg/hr
Arabinan (IS) kg/hr
Other Sugar Polymers (IS) kg/hr
Cellulase (IS) kg/hr
Biomass (IS) kg/hr
Zymo (IS) kg/hr
Lignin (IS) kg/hr
Gypsum (IS) kg/hr
Ca(OH)2 (IS) kg/hr
Others (Insoluble Solids) kg/hr
Enthalpy Flow (millions) Kcal/hr -265.8 -136.0 -396.6 -363.2 -206.3 -706.8 -993.6 -0.5 -601.1 -364.6
Average Density g/ml 0.9442 0.9925 0.9983 0.9973 0.9970 0.9925 0.9811 0.9983 0.9906 0.9925

Eq. No. Equipment Name Req. Spare Equipment Type Mat Const.
P-912 Make-up Water Pump 1 1 CENTRIFUGAL CS
P-914 Process Water Circulating Pump 2 1 CENTRIFUGAL CS
T-914 Process Water Tank 1 FLAT-BTM-STORAGECS

Heat Stream No. MM kcal/hr Work Stream No. kW
WP912 20.85
WP914 58.67
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COMPONENT UNITS 906 909 914 916
Total Flow kg/hr 145 145 63 63
Insoluble Solids % 0.0% 0.0% 0.0% 0.0%
Soluble Solids % 0.0% 0.0% 0.0% 0.0%
Temperature C 20 121 20 20
Pressure atm 1.00 1.00 1.00 1.00
Vapor Fraction 0.00 1.00 0.00 0.00
Ethanol kg/hr
Water kg/hr 145 145 63 63
Glucose (SS) kg/hr
Xylose (SS) kg/hr
Arabinose (SS) kg/hr
Other Sugars (SS) kg/hr
Cellobiose (SS) kg/hr
Glucose Oligomers (SS) kg/hr
Xylose Oligomers (SS) kg/hr
Other Oligomers (SS) kg/hr
Corn Steep Liquor (SS) kg/hr
Others (Soluble Solids) kg/hr
Acetic Acid kg/hr
Sulfuric Acid kg/hr
Furfural kg/hr
HMF kg/hr
Carbon Dioxide kg/hr
Methane kg/hr
Oxygen kg/hr
Nitrogen kg/hr
Others kg/hr
Cellulose (IS) kg/hr
Xylan (IS) kg/hr
Arabinan (IS) kg/hr
Other Sugar Polymers (IS) kg/hr
Cellulase (IS) kg/hr
Biomass (IS) kg/hr
Zymo (IS) kg/hr
Lignin (IS) kg/hr
Gypsum (IS) kg/hr
Ca(OH)2 (IS) kg/hr
Others (Insoluble Solids) kg/hr
Enthalpy Flow (millions) Kcal/hr -0.5 -0.5 -0.2 -0.2
Average Density g/ml 0.998 0.001 0.998 0.998

Heat Stream Mmkcal/hr Work Stream No. kW
QH910 -0.09 WM910 257.36

Eq. No. Equipment Name Req.Spare Equipment Type Mat Const.
M-910 CIP System 1 MISCELLANEOUS CS
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